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IV,

Summary of Air Toxics Monitoring Results

A total of 52 potential air toxics were measured at Arapahoe 4 after the
combustion modifications were installed and optimized. Table 3 lists the air
toxics that were sampled during this baseline air toxics test program. Sampling
of the air toxics occurred from Novemb- - 17, 1992 through November 19,
1992, The unit was operated at a base load of 2 nominal 100 MWe during the
testing. No sampling occurred during sootblowing operations.

Table 4 lists the average operating conditions of the unit during the sampling
period. The recently optimized combustion modifications were operated at
approximately 25% overfire air during the sampling period. Figure 2 shows a
simplified diagram of the unit and shows the five different sample locations.
Gaseous samples were obtained at the inlet and the outlet of the FFDC.
Solid samples were obtain of unpulverized coal, bottom ash, and flyash. This
report lists the results of the air toxics testing. For details on the methods
used for sampling, analysis, and quality assurance see the Environmental
Monitoring Plan (EMP) Addendum for Air Toxics Monitoring, dated July 1993.

Table 4
Average Operating Conditions and
Continuous Emissions Data
Unit load 103.5 MW Gross

Steam flow 847 Mlb/hr

Stack oxygen 5.49% (wet)

. Stack carbon monoxide 49 ppm (dry)
Stack nitrogen oxide 292 ppm (dry, 3% O,)
Stack sulfur dioxide 393 ppm (dry, 3% O,)

Public Service Company of Colorado contracted with Carnot, Inc of Tustin,
California to complete the air toxics work at the Arapahoe 4 station. Fossil

February 28, 1994



TABLE 3
PSCC ARAPAHOE UNIT 4

. TARGET COMPOUND LIST
.

Arsenic Barium Beryllium
Cadmium Chromium Cobalt
Copper Lead Manganese
Mercury Molybdenum Nickel
Selenium Phosphorus Vanadium
ACID-FORMING ANIONS OR PRECUR.SC)]?;Sl REES
Chioride Fluoride Phosphm
Sulfas .
VOLATILE ORGANIC COMPOUNDS
Benzene Toluege o Fﬁruia]dehyde
SE.\B-VOLATH..E ORGANIC CO\IPOUNDS L
N _ Pochhc A.romanc Hydmcarbons oy
Acepzaphthene _ Acenaphthylene ' Anthracene
Benzo(a)anthracene Benzo(a)pyrene Benzo(d)fluoranthene
Benzo(g,b,i)perylene - Benzo(k)luoranthene - Chrysene
Dibenzo(z,b)anthracene Fluoranthene Fluorene
Indeno(l1,2,3-cd)pyrene Naphthalene - - Phenanthrene
Pyrepe 2-Methylpaphthalene . 3.Methyicholanthrene
7,12~Dim=thylbenz(a)amh:mne .
. : . RI\.DIONUCLDES
Ra=® Th®® U : ]
i - -rha Ub‘ . - -
. ' Cynide

! Elemental precursors.of these anions measured in the fuel Q,F S, P)
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Energy Research Corp of Laguna Hills, California provided some assistance at
the site and with data collection. Table 5 lists the laboratories used to analyze
the collected samples. -

Table 5
Laboratories for Air Toxics Analyses

Analysis Laboratory Location
Solid particulate Carnot, Inc Tustin, Ca.
Chloride (suppiemental) Carnot, Inc Tustin, Ca.
Acid-forming anions Curtis and Tompkins Berkeley, Ca.
Trace metals Curtis and Tompkins Berkeley, Ca.
Volatile organic compounds Atmosphere Assessment Associates Chatsworth, Ca.
Semi-volatile organic compounds Zenon Environmental Laboratories Burlington,

Ontario

Radionuclides Accu-lab Research Golden, Co.
Fuel analysis Commercial Testing and Engineering | Denver, Co.
Neutron activation analysis Massachusetts Institute of Technology { Cambridge, Ma,

A. Uncertainty Analysis

In the tables that follow, a value for uncertainty expressed as a percentage is
provided for all data. The calculation method used is based upon
ANSI/ASME PTC 19.1-1985, "Measurement of Uncertainty." The uncertainty
is based on a 95% confidence interval for the mass emissions for the target
species but is expressed as a percentage so that it may be applied to other
units. A very important part of the method is assigning an estimated bias error
for the major variables. The value presented represents only an approximation
of the uncertainty as not all bias errors may be estimated. The uncertainty is
also not a measure of long-term-trace-species emissions for this boiler, but
only the uncertainty for the specific test period. It was assumed that the
samples are a normal population distribution. Bias that were estimated as

listed below:
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1} For all non-detect data, a bias of one-half of the detection limit was vsed.
No bias was assumed for analytical results reported above the detection

limit.

2) A bias of 10% was assumed for the flue gas flow rate on both the inlet and
outlet fabric filter ducts. Bias was estimated by comparing the calculated
.and measured flue gas flow rate.

3) A bias of 19% was assumed for the inlet particulate collection rate and
10% was assumed for the outlet particulate collection rate. The bias was
estimated by examining the isokinetic sample rate for different flue gas

flow rates.

4) A bias of 5% was assumed for the coal flow based on the difference of the
calculated and measured coal flow rate.

5) A bias of 219 was calculated for the fly ash mass flow rate based upon the
assumed biases for particulate collection and inlet flue gas flow rate.

6) A bias of 22% was calculated for the bottom ash mass flow based upon the
assumed biases for particulate collection, inlet flue gas flow rate, and coal

flow rate.

7) .1t was assumed that all other measurements were accurate and had a bias
of 0%. While this scenario is not likely, insufficient data was available to
make any reasonable assumptions.

B. Treatment of Non-Detectable Measurements
Many of the target species for which a measurement was attempted were not

found using the specified sampling and analytical techniques. If a
measurement was not possible, the value that could have been measured, i.e,
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the detection limit, if the trace emissions were present are reported. The "non-
detects" are shown as less than the detection limit. The difficulty occurs when
averaging various samples of which some or all of the measurements are

below the detection limit, The following summarizes the two cases:

1) All values below detection limit
The arithmetic average of the detection limit is shown with a "<" sign to
indicate that the trace species is less than the reported average detection
limit. For example, if a species was not found and the method provided a
detection limit of 0.45, the values is reported as <0.45.

2) Some, but not all, values below detection limit
The value of all measurements above the detection limit are averaged with
one-half of the detection limit. For example, if three measurements of 10,
8, and <6 are found, the average would be (10+8+6/2)/3 or 7. Note that
no "<" sign is used in these reported averages even though some of the
values are below the detection limit. If the average calculated with this
method is less than the greatest detection limit; the largest detection limit
is reported and a "<" symbol is used. For example, if values of 6, <4, and
<2 were reported, the average would be reported as <4 and not
(6+4/2+2/2})/3 or 3.

C. Treatment of Biank Values

Three different types of blanks were used as part of the air toxics test program
quality assurance (QA) program. The QA program included field blanks,
reagent blanks, and laboratory preparation blanks.

Field blanks are samples obtained by assembling a complete sample train at
the test site using the same procedures as when obtaining the actual sample.
The sample train is then leak checked and disassembled to recover and

February 28, 1994 17



analyze the sample. Field blanks are not used to "correct” the data generally

but the are used to provide an indication of the quality of the sample.

Reagent blanks consist of samples of the reagent and/or filters that are
collected at the site. Analysis of these samples show if any of the results were
caused by existing levels of the trace species in the material used to collect or
recover the sample. If measurable values of the trace species are found, the

data is usually corrected by subtracting the value measured in the reagent.

Laboratory reagent blanks consist of samples of the chemicals used during the
measurement analysis. If measurable values of the trace species are found, the
data is usually corrected by subtracting the value measured in the reagent. Any
measurable values in the laboratory reagent may be caused by initial trace

species in the chemicals or to the analytical procedures.

In the tables that follow the value of the field blank is shown for reference,
but none of the data has been changed due to these measurements. If a
measurement has a value near the field blank measurement, there may be
some question as to the accuracy of the data and the reported value may NOT
be source related. A separate column lists a blank correction percentage for
all trace species that were corrected due to either a reagent or laboratory

reagent blank. This is an average percentage calculated as follows:

Blank Correct = SUM(blank value/sample value*100
number of samples

F;r,example, if three samples contained 10, 5, and 4 mg/kg of a trace species
and the reagent blank was 2 mg/kg, the blank correction would be
(2/10+2/5+2/4)*100/3 or 37%. Thus on average, the actual value measured
was 37% higher than the value reported in the table. If the blank correction is
reported as 0%, no blank correction was calculated and the reported value
was the measured value. Note that in most cases a high blank correction value
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does not mean that the data is inaccurate. If a sample was contaminated with
a trace species due to a filter, and the filter was analyzed and the data
corrected, it is likely that the data is meaningful.

D. Gaseous Species Monitoring

Table 6 lists the results of the gaseous air toxics monitoring at the inlet and
outlet of the fabric-filter. Three replicate tests were completed for each air
toxic species. "ndividual tests were averaged to determine the estimated air
toxics emission. The uncertainty of the average as explained in section IV.A is
also reported.

In general, trace metal emissions were very low at the FFDC outlet as the
FFDC is very efficient for metals removal. The overall average removal rate
of the trace metals for the fabric-filter measured during this test was 97.1%.
Mercury and chromium are the metals of most interest due to their potential
health impact. Mercury is the most difficult of the trace metals to remove as
it may be present as a vapor rather than a solid particulate. The calculated
removal rate for mercury of 78.2% assumes that the outlet mercury emissions
existed at the detection limit. Additional methods are available to determine
the speciation of these metals. The species of mercury are very important in
the removal process as it is currently believed that ionic-mercury is much
easier to remove than the other species. Chromium, especially hexavalent-
chromium, is also gaining interest due to its potential toxicity. Additional
baseline-testing is planned at a later date to determine speciation of these two

important trace-metal emissions.

Outlet emissions of the semi-volatile organic éorripounds (polycyclic aromatic
hydrocarbons, or PAH) were very low or non-existent, Of the 19 compounds
measured, only naphthalene and 2-Methylnaphthalene were measured at
average values above the detection limit at the outlet. For both of the PAH
compounds, the field blank levels are actually higher than the reported outlet

Fcbruary 28, 1994 19
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emissions, It is believed that both these compounds may be an artifact of resin
degradation and are not source related. This would explain similar emission
levels in both the sample and the field blank. None of the carcinogenic PAH
compounds were detected at either the inlet or the outlet of the FFDC, As all
of the PAH compounds were measured near or below the detection limit or
are not believed to be source related, it is impossible to determine if the
FFDC removes any of the compounds.

An EPA Method 5 sampling train was used to sample anions. The sample
train collected a solid sample in a particulate filter and a gaseous sample
within a series of impinger baths. Table 6 shows three values for each anion:
(1) total, (2) solid fraction, and (3) gaseous fraction. The results show that the
majority of all anions exists in the gas phase. The fabric filter was effective in
removal of the solid phase anions but removed only a small fraction of the gas
phase anions. Gaseous phosphate at the inlet was only 0.34 ppm which
represent only 3% of the total phosphorus measured with the multi-metals
train. It would be expected that the two values would agree for both
measurements, so the difference is likely caused by the two measurement
methods. It is believed that the multi-metals train accurately measures
phosphorus and that the data presented in the anion tables obtained with ion
chromatography are not accurate. Gaseous sulfur emissions were
approximately 320 ppm. This represents 90% of the sulfur present in the fuel.
The total sulfate level at the outlet represents 83% of the coal sulfur. While
the data indicates that some gaseous sulfur is removed across the fabric-filter,
no removal is expected and the small difference is within the uncertainty of
the data. The continuous emissions monitor averaged 334 ppm over the test
p;'iod and thus agrees with the outlet sulfate emissions within the range of
uncertainty of the data.

From the solids sample collected at the fabric-filter outlet by the EPA Method
5 sampling train, 11 types of radionuclide emissions were measured. Of the 11
potential radionuclides, only Radium-226 and Radium-228 had average values
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above the detection limit. No reagent blank corrections were made for the
data as correcting in some cases would have reduced the data to below zero.
The reagent blank for Radium-226 was 0.1 versus a reported value of 0.11
pCi/Nm? and for Radium-228 was 1.5 versus a reported value of 0.84
pCi/Nm’. Thus, although values are reported for these two radionuclides, they
are not believed to be source related and the reported values are likely due to
the fiberglass filter used for particulate collection.

Three volatile-organic compounds (VOC) were measured during the testing:
benzene, toluene, ar.d formaldehyde. The data indicate that both benzene and
toluene actually increased across the fabric-filter. It is suspected that the both
VOCs at the inlet were actually higher than shown, but as VOC’s such as
toluene and benzene may be absorbed directly on particulates, a
representative sample may have not obtained in the high-particulate /high-
carbon inlet test location. An additional test is planned to determine VOC
emissions and confirm these data. While the formaldehyde emissions are very
low, the field blanks contained 35 ppb of formaldehyde at the inlet and 16 ppb
of formaldehyde at the outlet. The field blank measurements were at or even
higher than the gaseous sample. The sample viles for both the field blank and
measurement samples were NOT stored in an air-tight nitrogen-purged
desiccator. It is possible that the samples may have been contaminated with
formaldehyde in the air that may have penetrated the sample seal. Future
testing will use the air-tight sealing system with a nitrogen purge to eliminate

this possible contamination point.

Finally, the emissions of nitrogen-based cyanide at both the inlet and outlet
were below the detection limit.
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E. Solids Sampling

Coal Analysis

Table 7 presents the results of the analysis of the unpulverized coal samples.

The fuel was analyzed for trace metals, acid-forming anions, and radionuclides.

Trace-metal analysis was completed using the base-test method described in
the EMP, Instrumental neutron activation analysis (INAA) was also used to
analyze the samples for certain elements and compounds. This second test
was added to lower the detection limit of these materials and to confirm the
validity of the base-test method. Generally, the results of the two test
methods agreed. However, the values for barium, molybdenum, and selenium
were much higher when using INAA analysis and provided a much lower

detection limit for arsenic, mercury, and chloride.

The order of magnitude increase of barium from the INAA test cannot be
explained. Both methods provided consistent results, although test 1 data
from the base-test method were unreasonably low and was not included in the
average value. INAA analysis provided a molybdenum measurement that was
an order of magnitude higher than the base-test method. Both analytical test
methods provided consistent results. Selenium measurements were also an
order of magnitude higher when analyzed using INAA. The cause for this
large variation may be due to volatilization of the selenium when using the
base test method. Potential problems with these three elements will be further

discussed in section IV.F.

Table 7 also shows the results from the testing of the coal for acid-forming
anions. The INAA analysis method was used to provide another means of
verifying the chloride measurement and reduce its detection limit. The base-
test method reported two measurements: 600 mg/kg and one below the
detection limit of 100 mg/kg. Additional testing of these samples by another
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laboratory using the same method reported results below the detection limit
for all three samples. Data obtained using the INAA method are consistent
and are believed to be more accurate.

Radionuclides in the input coal stream were very low and the measured values

were very close to their detection limits.

Ash_Analysis

Table 8 shows the results of the solid sample ash analysis. It shows the results
for the 15 metals analyzed for both the bottom ash and flyash., Each of the
daily samples is actually a composite of three separate samples obtained
throughout the day. In general, metals concentrations are higher in the ash
than the coal because the reduction of the coal to ash results in a more than
90% reduction in material and concentrates the metals.

There are large uncertainties (greater than 1009%) for mercury, outlet arsenic
and outlet nickel. The high uncertainties are related to large variation of the
samples. For mercury, all measured values were near the detections limit and
the high uncertainty reflects the increased inaccuracies for measurements near
the detection limit, The high uncertainty for outlet arsenic and nickel were
caused by a single measurement substantially higher than the remaining
values. In order to investigate the problem, a split of the same three samples
was reanalyzed with the same analytical procedures and laboratory and
substantially different results were obtained as shown below:

Original Reanalyzed

Average Average
Arsenic <25 38
Nickel 3.9 13.3

The reason for the large variation is unknown. Each of the samples in both
tests had good agreement between replicates which indicates no major
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analytical problems and it is believed both analyzed samples were
representative of the total sample. An unknown bias must be affecting these
results. Thus even though the data has a high estimated uncertainty, the true
uncertainty is higher due to this unknown analytical bias. As the arsenic value
for the reanalyzed sample was more consistent with the mass balance data,
this value is reported throughout the report.

Table 8 also lists the results for the four acid-forming anions. As discussed
previously in section IV.D, the ICP method used to analyze the phosphate is
not believed to be accurate. A mass balance for phosphate was not completed
but the data obtained from the testing is shown in the table. The chloride
values in the flyash account for only 3% of the total chloride. This confirms
that chloride emissions are gaseous and are not collected with the particulate.
An additional test for chloride was conducted using a mercuric nitrate titration
of the flyash sample to confirm the low fly ash quantities. This single test
provided a measurement of 5.2 mg/kg, slightly lower, but in the same range as
provided by the base-test method. Bottom ash sulfate uncertainty was high at
143%. The uncertainty was due to the large variation in the samples, but as
the total bottom ash sulfate is less than 0.1% of the total sulfates in the coal,
the high uncertainty is insignificant.

The final analysis performed on the ash streams was for radionuclides.
Generally, the values were an order of magnitude greater than reported in the
fuel stream due to their concentration by the ashing of the coal. The
distribution between the bottom ash and flyash appears to be approximately
equal. Radionuclide concentrations were low and are not expected to be a
concern at these low values.

. Mass Balapce

The mass balance is a very important quality check on toxics-emissions data.
Using different sample and analytical techniques to measure toxics in both

Febroary 28, 1994 32



caseous and solid forms at very low absolute quantities makes the
measurement for air toxics difficult, at best. A mass balance provides a quick
means for determining if the various analvsis methods agree. While it would
be comforting to have mass balances of 100% for all toxics, it would be
extremely unusual due to the different methods used and the low absolute

quantities.

Table 9 contains an overall and an intermediate mass balance for the
measured toxics. Note that a balance is only possible on those compounds
that are dependant upon the inlet fuel levels. Balances for the semi-volatile
and volatile organic compounds are not possible as these relate to combustion
parameters. The overall balance was obtained by dividing the sum of the
gaseous, bottom ash, and flyash outputs by the fuel input. In an effort to
supply additional information, an intermediate balance was also completed.
This balance was performed at the fabric-filter inlet and is obtained by
dividing the sum of the toxics at the fabric-filter inlet and the bottom ash by
the input-fuel toxics. This is a mass balance at the inlet of the FFDC. The
units selected for the mass balance calculations are 1b/10* Btu for the metals
and anions and uCuries/10' Btu for radionuclides. These units allow
comparison of the data to other generating units of varying size,

In general, the measured air toxic quantities at the outlet are lower than those
measured at the inlet, so the mass balance is less than 100%. Most of the
species are in the range of 50-90% closure except for barium, cobalt, lead,

manganese, molybdenum, selenium, and chloride which are discussed below:

Barium

The fuel level of barium was determine using INAA analysis as ICP analysis
appeared to be severely biased low as previously discussed. ICP analysis was
used for the flue gas and ash samples. Thus the poor mass balance closure
may be due to an undefined bias with the different analytical techniques.
However, the calculated mass balance using the original ICP data also had
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Tahle 9 - Mass Balance Results

Puel In Gz FF In Bottom Ash Fly Ash Gas FF Out Overall Intermediate FDC
toput latermediate OQutput Cutput Qutput Mass Moasc Removal
o _ - Dalanze Balaper
Trace Metals 16/10"2 Btu 1571012 Btu 1641072 Bty 15/10%2 Bru 15/10 2 Bru % % %
Arsenic 43 231 i1 priv 0.75 62 61 96.7
Barium 37,600 24 1920 9750 11 3 6 %95
Beryllium 200 9.0 22 9.8 <0.02 60 56 >99.8
Cadmium <435 23 <58 <15 0.12 N/A N/A 948
Chromium 974 50.0 59 455 0.66 53 57 98.7
Cobalt 836 299 49 29.0 <021 41 42 >993
Capper 241 169 200 140 11 67 7 99.4
Lead 185 64 212 14 0.44 89 46 93
Manganese 379 195 825 410 10 130 7 9.5
Mercury 19 13 030 on <0.29 78 &S >783
Malybdenum 9.0 10.7 <16 2.0 0.17 265 138 984
Nickel 535 302 <37 23 15 53 63 95.1
Selenium 732 224 <58 238 0.36 41 38 98.4
Phosphorus 36,700 14,300 4,100 20200 6.7 66 50 99.95
Vanadium 266 135 252 156 0.24 68 60 .8
Acid~Forming I6/1072Btu 15/10 "2 Bty 1b/102 Bry 15/10 "2 Bty 16/10*2 By % % %
Anions
Chleride as C1° 2,000 0 89 68 630 40 45 203
Fluoride as F~ 7,600 4,800 <54 144 4,300 60 &4 104
Phosphate 2 N/A N/A N/A N/A N/A N/A N/A N/A
Sulfate 1,180,000 1,060,000 985 5.880 983,000 84 % 73
Radionuclides HCi/10%2 Btu Not oCif10% B | iKCi/10% B | pCif10"2 B % N/A N/A
Measured

Uranium-233-234 4,300 2,300 6,300 <20 17

Uranium-235 350 100 320 <20 122

Uranium-238 3,400 2,300 6.500 <20 262

Radium-225 10,000 2,900 7,600 39 104 -

Radium-228 £,000 2,100 4,800 290 84

Lead-210 18,000 700 2,900 <260 z

Polonium-210 4,200 3% 4.@ <20 104

Thorium-228 3,500 3,300 6,800 <85 291

Thorium-230 7,100 3200 6,800 <46 141

Thorium-232 3,700 3,400 7,100 <20 28

NOTE < indicaies that the quantity measurcd was less than the detection limit thus the detection Lt 15 shown

* Mass balance not possible as inlet was below the dectection limit,

2Mass balance for phosphate not valid, use phosphorus mass balance results



closure problems but showed a very low coal based barium content. Due to
these and other possible unknown biases, a low confidence exists with the

barium data.

Cobalt

The low overall closure for both the overall and interrnédiate mass balance
indicate that the fuel cobalt value reported may be higher than the actual
concentration. Duplicate analysis using INAA showed an average 65 1b/10%
Btu which would slightly improve the mass balance. However, in order to
minimize the unknown analytical bias between the ICP and INAA analytical
methods, the ICP analysis was used.

Lead

The overall mass balance appears reasonable but the intermediate mass
balance is low at 46%. The most likely reason is a low bias on the sample
obtained at the fabric filter inlet. As lead would be expected to be found in
the particulate, similar values between the fly ash and fabric filter inlet would
be expected. However, the fabric filter inlet value is one-third lower than the
fly ash sample.

Manganese
Both mass balances appear reasonable at 130 and 73% but there is a

significant variation between the intermediate and overall mass balance. The
reason for the low intermediate balance appears to be a Jow bias on the fabric
filter inlet sample similar to the lead value discussed above.

Molybdenum

The high overall mass balance of 265% is believed to be caused by a low bias
on the fuel input measurement and is related to the high uncertainty (217%)
in fuel measurement. The samples were also analyzed using INAA as shown in
Table 7. Using the specified ICP method, the value was 9 1b/10' Btu while
INAA analysis found 91 1b/10'? Btu. The wide variation between the two
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methods is not known. The correct fuel value for molybdenum is likely
between the two extremes.

Selenium

Both balances were significantly low which indicates either a high fuel bias or
a low outlet bias. As the base ICP method reported a non-detectable fuel
value, the samples were reanalyzed using INAA. The INAA analysis reported
a significantly higher value and an unknown bias must exist with the two
different measurement methods. As all outlets were determined using ICP, the
mass balance is based on two different analytical techniques that have a bias
as shown by the widely different values obtain from the fuel. Selenium is a
very difficult metal to measure and further research in the following test
programs will be completed to increase the confidence of the selenjum

measurement.

Chloride

INAA analysis was used for the fuel measurement while different methods
were used for the gaseous measurements in the inlet and outlet ducts. The
different analytical techniques may have contributed to the low closure, but it
is believed that a high biased fuel value is the most likely cause for the poor

closure.

Table 9 does not show the mass balance for phosphate. - In order to determine
a mass balance, the inlet phosphate is determined by assuming that all
phosphorus in the coal to phosphate. The preliminary mass balance showed
very poor closure as only very low quantities of phosphate were found in the
inlAEt and outlet multi-metals train. It is believed that ICP is not an accurate
method for measuring phosphate. Thus the data is not presented and the
phosphorus mass balance should be used.

The overall mass balance for radionuclides varied from 22% to 291% with an
average balance of 159%. While this is a wide variation, the radionuclide
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emissions were very low. Radionuclides were also near the detection limit in
the testing of the inlet fuel. Small variations can cause a large variation in the
mass balance. No known sampling or analytical problems were reported that
would account for the varying closure. All duplicates, blanks, spikes, and
other quality assurance checks were within acceptable ranges.

Table 9 also shows the percent removal for the metal and anions measured.
The FFDC was very effective for metals removal with an overall 97.1%
removal. The FFDC does appear to provide slight removal of the anions,
however, the removals are within the uncertainty of the data and may not be
significant.

Generally, the test program used the analytical methods specified in the EMP.
However, some of the methods were changed in order to improve detection
limits or confirm data that was measured using the analytical methods
specified in the EMP. Table 10 lists the air toxics that were analyzed with a
different method than specified in the EMP.

The EMP addendum for air toxics includes details on the method used to
determine the total mass flow of the air toxics. In addition to the measured
concentration of the toxic in the sample, mass flows of the solid and gas are
required. Table 11 lists the mass flow rates of the flue gas and solids used to
determine the mass flow of the toxics. Note that there are three different flue
gas flow rates listed for metals, particulate matter and anions, and PAHs. The
actual flue éas flow rate was used for each test as they were conducted at
different times. The flue gas flow rate used for the VOC, formaldehyde and
cyani&; tests were from the concurrent major test that was being conducted.
Coal flow was measured using the existing plant equipment. Flyash and stack
ash flow was calculated using the measured particulate loading and flue gas
flows. Bottom ash was calculated based on coal input and flyash flow.
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Table 10

EMP Specified Method

Method Used

FFDC Inlet

Benzene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Toluene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Cadmium EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
Chromium EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
FFDC OQutlet

Benzene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Toluene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Cadmium EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
Chromium EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
Fuel

Arsenic EPA SW 846-7060(GFAA) INAA

Barium EPA SW 846-6010(1CP) INAA

Chlorine ASTM D-4208(ISE) INAA

Mercury EPA SW 846-7470(CVAA) INAA

Selenium EPA SW 846-7740(GFAA) INAA

Cadmium EPA SW 846-7131(ICP) EPA SW846-6010(ICP-AES)
Chromium EPA SW 846-7191(GFAA) EPA SW846-6010(ICP-AES)
Lead EPA SW 846-7421(GFAA) EPA SW846-7420(GFAA)
Manganese EPA SW 846-6010(ICP) EPA SW846-6010(ICP-AES)
Bottom Ash

Fluoride EPA 300.0(IC) EPA 340.2(ISE)

Lead EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
Cadmium EPA SW 846-7131(ICP) EPA SW846-6010(ICP-AES)
Chromium EPA SW 846-7191(GFAA) - | EPA SW846-6010(ICP-AES)
Flyash

Fluoride EPA 300.0(1C) EPA 340.2(ISE)

Lead . EPA SW 846-7421 (GFAA) | EPA SW 846-6010 (ICP)
Cadmium EPA SW 846-7131(ICP) EPA SW846-6010(ICP-AES)
Chromium EPA SW 846-7191(GFAA) EPA SW846-6010(ICP-AES)
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Table 11

STREAM MASS FLOW DATA

Test 1_ Test 2 Test 3
Flue gas flow, metals inlet (DSCFM) 247,200 252,100 261,800
Flue gas flow, metals cutlet (DSCFM) 245,700 253,100 254,900
:lue gas flow, PM/Anions inlet (DSCFM) 245,800 250,200 255,900
Flue gas flow, PM/Anions outlet (DSCFM) 244,300 251,200 258,900
Flue gas flow, PAH inlet (DSCFM) 245,000 245,300 243,500
Flue gas flow, PAH outlet (DSCFM) 248,200 247,100 244,800
Coal flow (Ib/hr) 86,800 88,900 88,800
Total ash flow (Ib/hr)! 7,670 7,850 7,840
Bottom ash flow (lb/kr) 1,450 1,490 1,480
Flyash flow (Ib/hr) 6,610 6,840 6,790
Stack ash flow (Ib/hry 0.56 41 19

“Total carbon-free ash fow calculated using coal fiow and average esh content of fucl over the test period.

A\fass flow of ash calculated from measurement of ash concentration mut, plicd by calculated fow of flue gas,
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V. Summary of Air Toxics Monitoring Results

The current test period includes two groups of air toxics tests. The first group
includes sampling for 26 potential air toxics with the SNCR system in operation.
The second group includes some baseline tests conducted without the SNCR
system in operation. The baseline tests included sampling for dioxins and furans,
mercury speciation, chromium speciation, and the repeating of VOC tests to

confirm the original baseline data.

This report presents data for all testing completed during this test period except
for the dioxin and furan data. Due to contamination of the dioxin and furan
sarmples, these data are not accurate. These tests will be repeated and reported in
a later environmental monitoring report. Table 4 lists the potential air toxics
measured during this test period, March 8, 9, and 15, 1993. Table 5 compares the
air toxics measured during this test period with those measured in the original test
period,
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Arsenic Barium Beryllium

Cadmium Chromium? Cabalt i

Trace Metals Copper Lead Manganese j
Mercury’ Molybdenum Nickel
Selenium Phosphate Vanadium
Calcium® Sodium*

Acid-Forming Anions | Chioride Sulfate Phosphate
or Precursors Fluoride
Volatile Organic Benzene Toluene Formaidehyde

Compounds® (VOC)

Semi-Volatile Organic | Polychlorinated Dibenzo-p-dioxins (PCDD)
Compounds Polychiorinated Dibenzofurans (PCDF)

Nitrogen Compounds | Cyanide Ammonia

—

The multi-metals train was analyzed for total-Hg. The Frontier Geoscicnce sampling train was anaiyzed for Hg, Hg*?
methyl-Hg, and total-Hg,

Total-Cr, as determined from the multi-metais train. Both Cr ™S and total-Cr were analyzed in the EPA recirculation train.
Elementsal precursors of these anions were measured in the fuel (Cl, F, S, and P).

Calcium and sodium were added 10 the trace metal list to provide basciine levels for comparison with the calcium and
sodium injection tesis planned for a later date.

Table 4: Target Compounds

Y

Generally, the test program used the analytical methods specified in the EMP,
Some of the methods were changed, however, to improve detection limits or
confirm data that were measured using the analytical methods specified in the
EMP. For more information on the test methods, see Environmental Monitoring
Plan for Air Toxics Monitoring, dated July 1993, Table 6 lists the air toxics that

were analyzed with a method different from that specified in the EMP,
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Baseline Baseline
Target Compounds (11/92) (3/93) SNCR (3/93) J
Trace Metals X
Acid-Forming X
Anions
Volatile Organic BenzenE/tOIljene X X
Compounds Formaldehyde X
Semi-Volatile PAH X
Organic ;
Compounds PCDD/PCDF x?
Solid Particulate X X
Radionuclides X
Total/hexavalent X
Trace Metals chromium
Speciation
Mercury X
Nitrogen X X
Compounds
HHY, Ultimate/ X X
Proximate
Analysis
Loss-On-Ignition X X

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF).
Due 10 anomalous contamination of native 2,3,7,8, PCDD/PCDF isomers in the mcthod blanks, samples, archived resin,
the results of these 1ests are invalid and not reported in this report. These tests will be repeated during subsequent 1ests.

Table 5: Target Compound Comparison

October 8, 1995

17



Species EMP Specified Method Method Used
Benzene EPA TC-14 w/GC-PID EPA TO-14 w/GC-MS
Toluene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Arsenic EPA SW B45-7080 (GFAA) EPA SW B46-6010 (ICP)

i:ﬁ? Chromium EPA SW 845-7191 (GFAA) EPA SW 846-6010 (iCP)
Lead EPA SW 845.7421 (GFAA) EPA SW 8456010 (ICP)
Selenium EPA SW 846-7740 (GFAA) EPA SW 846-6010 (ICP)
Total Cr AA GFAA
Benzene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS
Toluene EPA TO-14 w/GC-PID EPA TO-14 w/GC-MS

gﬁﬁg Arsenic EPA SW 846-7060 (GFAA) EPA SW 846-6010 (ICP)
Chromium EPA SW 846-7191 {GFAA) EPA SW 846-6010 (ICP)
Selenium EPA SW B46-7740 (GFAA) EPA SW 846-6010 (ICP)
Arsenic EPA SW 846-7060 (GFAA) INAA
Barium EPA SW 8466010 (ICP) INAA
Chilorine ASTM D-4208 & ISP INAA
Mercury EPA SW 846-7470 (CVAA) INAA

Fuel | selenium EPA SW B46-7740 (GFAA) INAA
Cadmium EPA SW B46-7131 (ICP) EPA SW B46-6010 (ICP-AES)
Chromium EPA SW 846-7191 (GFAA) EPA SW 846-6010 (ICP-AES)
Lead EPA SW 845-7421 (GFAA) EPA SW 846-7420 (GFAA)
Manganese | EPA SW 846-6010 (ICP) EPA SW 8-3-6010 (ICP-AES)
Fiuoride EPA 300.0(1C) EPA 340.2 (ISE)

B:t;c:‘m Lead EPA SW 846-7421 (GFAA) EPA SW 846-6010 (ICP)

) Chromium EPA SW 845-7191 (GFAA) EPA SWB846-6010 (ICP-AES)
Flucride EPA 300.0 (IC) EPA 340.2 (ISE)

Fiyash | Lead EPA SW 846-7421 (GFAA) EPA SW B48-6010 (ICP)
Cadmium EPA SW 846-7131 (ICP) EPA SW 846-6010 (ICP-AES)
Chromium EPA SW 846-7191 (GFAA) EPA SW 846-6010 (ICP-AES)

Table 6: Test Methods Different from EMP

In addition to the measured concentration of the air toxic in the sample, mass

flows of the solid and gas are required. The EMP addendum for air toxics

Qctober 5, 1995
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includes details on the method used to determine the total mass flow of the air
toxics. Table 7 lists the mass flow rates for the flue gas and the solids used to
determine the mass flow of the toxics. The actual flue-gas flowrate is used for
each of the trace metal, particulate matter, and anion tests. The flue-gas
flowrates for the VOC and cyanide tests were from the major test conducted
concurrently. The existing plant equipment was used to measure the coal flow.
The measured particulate loading and flue-gas flowrate was used to calculate the
flowrate of the fly ash and the stack ash. The coal input and the fly-ash flowrates

were used to caiculate the bottom ash flowrate.

Table 8 lists the average operating conditions of Arapahoe 4 during the SNCR
testing. Figure 5 shows a simplified diagram of the unit and shows the five
different sample locations. Gaseous samples were obtained at the inlet and the
outlet of the FFDC. Solid samples of unpulverized coal, bottom ash, and fly ash
were also obtained. This section lists the results of the air toxics testing. For
details on the methods used for sampling, analysis, and quality assurance, see the
Environmental Monitoring Plan Addendum for Air Toxics Monitoring, dated

July 1993.

Qctober 5, 1995
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Stream Tost | Location Test 1 Test 2 Test 3 i
B N 251.900 253.700 255600 |
Outlet 253,500 257,330 261.800
oo Inlet 241,900 254,800 254,800
Qutiet 253,400 253,400 257,000
Particulate Inlet 245,800 258,400 255,900
Matter Outlet 247,500 262,000 262,100
inlet 248,800 258,400 255,900
Anions
Fue Gas Flow Outist 247,500 262,000 262,100
Rate (DSCFM) Inlet 265,700 265,700 265,700
Cyanide
Outlst 273,400 273,400 273,400
NH, inlet 249,200 N/A 260,725
Cutlet 250.506 N/A 261.944
Chromium Intet 241,900 241,800 254,800
Speciation Dutlet N/A N/A N/A
Mercury inlet 227,200 227,200 227,200
Speciation Qutlet 244,700 244.700 244,700
Coal Flow {Ib/h) 83,000 6,100 83,700
Fly Ash Flow (Ib/h) 6.170 6.890 7,210
Bottomn Ash Flow (ib/h) 2,080 2,040 1,540
| Total Ash Flow (ib/h) 8.250 8,930 8,750
Stack Ash Row (Ib/h) 2% 0.8 08
Table 7:  Stream Mass Flow Data
Baseline SNCR
Unit load 103.4 MW gross 103.5 MW gross
Steam flow 851,000 Ib/h 847,000 Ib/h
- Oxygen 6.08% (wet) 5.49% (wet)
FEDC Carbon monoxide 37 ppmd 58 ppmd
outlet Nitrogen oxide 277 ppm (dry, 3% Q,) 189 ppm (dry, 3% O,)
Sulfur dioxide 473 ppm (dry, 3% O.) 401 ppm (dry, 3% O,)
Table 8: Average Operating Conditions and Continuous Emissions Data

October 5, 1995
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Public Service Company of Colorado (PSCC) contracted with Carnot, Inc of

Tustin, California to complete the air toxics work at the Arapahoe 4 station.

Fossil Energy Research Corp of Laguna Hills, California provided some assistance

at the site and with data collection. Table 9 lists the laboratories used to analyze

the collected samples.

Analysis Laboratory Location
Solid particulate Carnot, Inc Tustin, CA
Chioride (supplemental) Carnot, Inc Tustin, CA
Acid-forming anions Curtis and Tompking Berkeley, CA
Trace metals Curtis and Tompking Berkeley, CA
Chromium speciation Research Triangle Institute RTP, NC

Volatile organic
compounds

Atmosphere Assessment Associates

Chatsworth, CA

Semi-volatile organic

Zenon Environmental Laboratories

Burington, Ontarig,

compounds Canada
Cyanide Associated Laboratories Orange, CA
Ammonia FERCo Laguna Hills, CA
LOI for ash Commercial Testing and Engineering Denver, CO
Fuel analysis Commercial Testing and Engineering Denver, CO

Fuel analyses

A.J. Edmonds

Long Beach, CA

instrumental neutron
activation analysis

Massachusetts Institute of Technology

Cambridge, MA

Table 9:

Laboratories for Analyses

October 5, 1985
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Uncertainty Analysis

In the tables that follow, a value for uncertainty expressed as a percentage

is provided for all data. The calculation method used is based upon
ANSI/ASME PTC 19.1-1985, "Measurement of Uncertainty." The

uncertainty is based on a 95% confidence interval for the mass emissions

for the target species but is expressed as a percentage so that it may be

applied to other units. An important part of the method is assigning an

estimated bias error for the major variables. The value presented only

approximates the uncertainty as not all bias errors can be estimated. The

uncertainty is also not a measure of long-term-trace-species emissions for

this boiler, but only the uncertainty for the specific test period.

It was

assumed that the samples are a normal population distribution. Table 10

summarizes the bias values used to determine uncertainties.

Test
Series

Location

Particle

Collection’

Flowrate?

Fuel

Flowrate®

Fly Ash

Flowrate*

Bottom Ash
Flow Rate®

Baseline

Inlet

-18%

+7%

N/A

N/A

N/A |

Outlet

-7%

+7%

N/A

N/A

N/A

SNCR

inlet

~14%

+7%

+5%

+16%

+16%

Outlet

~T%

+7%

N/A

N/A

N/A

M&U!J:—-

Bias cquals difference between pitot and heat rate flowraies.

Bias equals differcnce berween outlet pitot and heat raic flow rates,
Bias equais difference berween fuel flow and heat rate {lowrates rounded to nearest 5%.

Bias is a combination of the inlet particle coliection bias and the inlet flow rate bias using root sum squares.

Bias is a combination of the inlet particle coliection bias, the inlet fiow raie bias, and the fuel flow rate bias using root sum squares.

Table 10: Summary of Bias Values Used for Uncenamty Calculations

Treatment of Non-Detectable Measurements

Many of the target species for which a measurement was attempted were

not found using the specified sampling and analytical techniques. If a

measurement was not possible, the value that could have been measured,

October 5, 1995
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i.e. the detection limit, if the trace emissions were present are reporied.

The "non-detects" are shown as less than the detection limit. The difficulty

occurs when averaging various samples of wk.ch some or all of the

measurements are below the detection limit. The following summarizes

the two cases:

1!

All values below detection limit: The arithmetic average of the
detection limit is shown with a "<" sign to indicate that the trace
species is less than the reported average detection limit. For example, if
a species was not found and the method provided a detection limit of

0.45, the values is reported as <0.45.

Some, but not all, values below detection limit: The value of all
measurements above the detection limit are averaged with one-half of
the detection limit. For example, if three measurements of 10, 8, and
<6 are found, the average would be (10+8+6/2)/3 or 7. Note that no
“<" sign is used in these reported averages even though some of the
values are below the detection limit. If the average calculated with this
method is less than the greatest detection limit, the largest detection
limit is reported and a "<" symbol is used. For example, if values of 6,
<4, and <2 were reported, the average would be reported as <4 and
not (6+4/2+2/2)/3 or 3.

October 5, 1995
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C. Treatment of Blank Values

The quality assurance (QA) program for the air toxics test program used
three different types of blanks: field blanks, reagent blanks, and laboratory

preparation blanks.

Field blanks are samples obtained by assembling a complete sample train
at the test site using the same procedures as when obtaining the actual
sample. The sample train is then leak checked and disassembled to
recover and analyze the sample. Generally, field blanks are not used to

"correct” the data, but to indicate the quality of the sample.

Reagent blanks consist of samples of the reagent and/or filters that are
collected at the site. Analysis of these samples show if any of the results
were caused by existing levels of the trace species in the material used to
collect or recover the sample. If measurable values of the trace species are
found, the data is usually corrected by subtracting the value measured in

the reagent.

Laboratory reagent blanks consist of samples of the chemicals used during
the measurement analysis. If measurable values of the trace species are
found, the data is usually corrected by subtracting the value measured in

—the reagent. Any measurable values in the laboratory reagent may be
caused by initial trace species in the chemicals or to the analytical

procedures.

In the tables that follow the value of the field blank is shown for reference,
but none of the data have been changed due to these measurements. If a

measurement has a value near the field blank measurement, there may be
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some question as to the accuracy of the data and the reported value may
NOT be source related. A separate column lists a blank correction
percentage for all trace species that were corrected due to either a reagent
or laboratory reagent blank. This is an average percentage calculated as

follows:

Z[ blank value

sample value} < 100
number of samples

%blank correct =

For example, if three samples contained 10, 5, and 4 mg/kg of a trace
species and the reagent blank was 2 mg/kg, the blank correction would be
(2/10+2/5+2/4)*100/3 or 37%. Thus on average, the actual value
measured was 37% higher than the value reported in the table, If the blank
correction is reported as 0%, no blank correction was calculated and the
reported value is the measured value. Note that in most cases a high blank
correction value does not mean that the data is inaccurate. If a sample was
contaminated with a trace species due to a filter, and the filter was

analyzed and the data corrected, it is likely that the data is meaningful.

Gaseous Species Monitoring

Trace Metals

Table 11 lists the gaseous trace metal emissions for the SNCR test
program. Three replicate tests were completed for each air toxics species.
Individual tests were averaged to determine the estimated air toxics
emission. The uncertainty of the average, as described in Section IV.A, is

also reported.
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All 17 metals were detected at the FFDC inlet. All quality assurance
checks were completed and, except for calcium and sodium, the data are
believed to represent the unit’s emissions for all species. The inlet level
for calcium represents only 0.5% and the inlet [evel for sodium représents
only 6.8% of their fuel-input levels, indicating a severely low bias. The
multi-metals train was used to sample sodium and calcium even though
EPA Method 29 is not intended to measure them. The source of error is
not known, but neither the calcium nor the sodium data are believed to

represent the unit’s emissions.

Arsenic, lead, mercury, and selenium have uncertainties greater than 100%.
Wide variations between the triplicate samples caused theses high
uncertainties. The specific causes of these uncertainties have not been

determined, but the general observations that follow may account for them.

* GFAA and ICP-AES are generally used to analyze samples for arsenic,
lead, and selenium. In the original baseline tests, GFAA was used for
arsenic and lead, and ICP-AES with hydride generation was used for
selenium. After comparing the results, GFAA appears to give more
consistent results and will be used in subsequent test programs.

» The substantially higher results of the first mercury sample caused its
high uncertainty. This value, 4.3 ug/Nm’, is substantiaily higher than
the fuel input value and is suspect. No sampling or analytical
abnormality, however, could be found to justify the exclusion of this
data point.

In general, trace metal emissions were very [ow at the FFDC outlet as the
FFDC is very efficient'removing trace metals. Beryllium, cadmium, cobalt,
and selenium were not measurable at their detection limits. As at the
FFDC inlet, the calcium and sodium data are suspect and not believed to
be accurate. Barium, manganese, mercury, molybdenum, and phosphorus

had uncertainties above 1009%. Variation between the triplicate samples
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was the major cause of the high uncertainties. At these low levels, small
differences between the sample values cause large uncertainties. Also,
small reagent blank levels cause larger blank correction percentages and

higher uncertainties.

Anions

Table 12 lists the gaseous anion emissions. Chloride levels at both the
inlet and outlet were below 1 ppm. 94% of the total inlet and more than
98% of the total outlet chloride were determined to be gas-phase chloride

or HCL. Outlet levels accounted for 519 of the chlorine in the fuel.

Inlet and outlet levels of fluoride were between 7 and 9 ppm. Gas-phase
fluoride (HF) accounted for §9% of the inlet and 99% of the outlet levels.
Of the fluorine in the fuel, 65% was detected at the FFDC outlet.

Phosphate was detected only in its solid phase and only at the FFDC inlet
(0.03 ppm). The nondetected gas fraction accounts for 699 of the total
phosphate level at the inlet (0.09 ppm = 320 1b/10" Btu) and accounts for
only 11% of the phospharous detected in the fuel. The severe bias of the
ion-chromatography method used to detect the phosphate accounts for this

disparity and caused the exclusion of phosphate from the mass balance.

—The FFDC inlet level for sulfate (290 ppm) accounts for 86% of the fuel
input. The solid fraction (3.5 ppm) detected at the inlet consisted of
sulfuric acid mist and solid sulfate. The outlet sulfur level (338 ppm, 100%

gaseous) is consistent with that measured by the CEM.
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The trace metal and anion results from this test program were compared
qualitatively with data from the Cyprus Yampa Valley Coal Corp. and the
United States Geological Society (USGS). Generally, the test data
compared well with the USGS data.

Nitrogen Compounds

Table 12 also lists the results from the testing for nitrogen compounds. All
tests showed cyanide below the detection limit. As expected, unreacted
urea increased NH, emissions; they averaged 16 ppm at the FFDC inlet
and 7.4 ppm at the FFDC outlet.

FFDC Removal Efficiency

Table 13 shows the FFDC’s removal efficiency for trace metals. The
FFDC averaged 96.9% removal efficiency for trace metals and 99.98% for
total particulates. The removal rate for mercury was the lowest, 77.9%. A
significant amount of the mercury occurs as vapor instead of as particulates
in the FFDC, so the removal rate for mercury was actually higher than
anticipated. It is theorized that mercury vapor deposited onto the carbon
in the fly ash and that the high carbon content of the fly ash caused the
higher than expected removal rate for mercury. During the SNCR testing,

the loss-on-ignition (LOI) for the fly ash averaged 9.52%.
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Species Inlet : Gutlet | FFDC Removal |
Trace Metals Ib/10% B | b0TBw | % :
Arsenic 12.8 0.15 98.8
Barium 192 11 98.5
Beryllium 7.5 <0.02 >99.7
Cadmium 20 <0.07 >96.6
Chromium 50.8 0.30 99.4
Cobalt 26.3 <0.23 >99.1
Copper 206 1.3 99.3
Lead 4586 0.40 991
Manganese 88.3 0.89 93.0
Mercury 19 0.41 779
Molybdenum 11.7 0.27 97.7
Nickel 29.4 0.45 88.5
Selenium 11.9 <0.06 >93.5
Phosphorus 9,300 4.6 99.95
Vanadium 120 0.29 99.8
Calcium 880 29 95.8
Sodium 2,700 370 86.3
Average - = 96.9
Total Particulate 6.09 Ih/MMBtu 0.0012 Ib/MMBtU 99.98% i
Acid-Forming Anions ib/10" Btu 1b/10'? By %
Chloride as CI 65 <32 >50.5
Fluoride as F 548 40 93.9
Phosphate 100 <130 -
Sulfate 12,100 130 98.9

NOTE: "<~ indicates thal the quantity mecasured was Jess than the detection limit thus the detection limit is shown.

*>" indicates that the percentage removed is based on a detection limit and the removal rate is the expecied

minimum removal rate.

Table 13: FFDC Remeoval Efficiency

QOctober 5, 1995
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Baseline VOC Emissions

The baseline tests for benzene and toluene were repeated during this test
period because of the inconsistent results obtained in the original baseline
test period. Table 14 lists the baseline VOC cmissions. This testing

indicated that the benzene and toluene levels increased across the FFDC.

While higher values were measured for both benzene and toluene during
this report’s test period, it still appears that a sampling problem is causing
a low bias for the FFDC inlet values. Because of the high particulate
loading at the FFDC inlet, it is believed the inlet-sample-filter collected
particulates, and that the particulates absorbed benzene anc toluene;
causing a low bias. The FFDC inlet values are considered suspect, but
because of the minimal particulate loading at the FFDC outlet, these

values are considered accurate.

Baseline Results for Mercurv Speciation

Table 15 lists the baseline mercury speciation results. At the FFDC inlet,
it is likely that carbon and/or other particulate matter impacted the filter
plug used to prevent solid matter from entering the sample train and
removed vapor-phase mercury from it. Therefore, the results for Hg"?,
methyl-Hg, and Hg are semi-quantitative and represent the lower
boundaries in their emission levels.

The total-Hg level in the filter plug was 1.9 xug/Nm?®, This level compares
well with the total-Hg level from the multi-metals tests conducted during
the SNCR testing (2.4 ug/Nm?) but, recall that this result is believed to be
biased high because of one high value. Due to possible sampling problems,
Test 3 appears to be severely biased low and was not included in the

average.
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Only Hg"* and methyl-Hg were detected at the FFDC outlet. No mercury
species were detected in Test 1. Total-Hg emissions at the FFDC outlet
averaged 0.07 ug/Nm’. In contrast, during the SNCR testing, the multi-
metals tests for total-Hg averaged 0.52 ug/Nm®. Although there is no
explanation for the order-of-magnitude difference between the two mércury
values, it should be noted that both values are very near their detection

limits.

Frontier Geoscience analyzed coal and fly ash samples taken during testing
on March 15, 1993 and performed a mass balance, shown in Table 16.
Overall, the mercury speciation results agree with the fuel and ash levels.
Note that the use of total-Hg level from the mercury speciation testing
increases the FFDC’s removal rate for mercury to 96.3% from the 77.9%

of the multi-metals train.

Baseline Results for Total and Hexavalent Chromium

An EPA recirculation train was used to measure total-Cr and Cr*® levels at
baseline conditions. Since there is significantly more chromium at the
FFDC inlet, testing was conducted there to obtain more accurate
speciation results than could be obtained at the FFDC outlet. Table 17
lists the baseline total-Cr and Cr*® results. The recirculation train detected
an average total-Cr level of 93.3 ug/Nm® compared to an average of

_63.7 ug/Nm? for the multi-metals train performed during the SNCR tests.
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P f
- Field
Element Test 1 Test2 | Test 3 Avg, 1! Blank Uncert.
TotahCr wg/Nm) | 121 | w0 692 | 933 | 409 70% |
CE* (ug/Nm?) s7a | 282 | 725 | 547 | 258 | 11%

Cé* /Total-Cr 4.8% 2.8% 52% | 4.3% - -

Estimated Cr* Qutiet Emissions® (ug/Nm®) | 0.02 - -

L
2,
kS

4,

5,

Total-Cr = (TotaI-Cr) (fiitrant + HNO 4 fraction) + (Cr‘6) (NaOQH fraction).

Total-Cr and Cr *® reagent blank lovels wcrr. not detected.

Field blank levels were not subtracted from laboratory resuils, average sample volume used for pe/Nm 3
caiculations.

Cr*® outlet emissions = total-Cr (outlet) * Cr "Gﬂ‘o:al Cr, %.

0O, co 2, 2nd flue-gas flowrate from corresponding isokinetic test.

Table 17: Total and Hexavalent Chromium Emissions from EPA Recirculation Method

This difference is within the range of uncertainties but it may have been

affected by two other factors:

¢ The recirculation train uses a single-point sample at the FFDC inlet. In

contrast, the multi-metals train uses a traverse of the inlet duct. The
multi-metals train may obtain 2 more representative sample.

The field blank levels were very high for both total-Cr (44% of sample)
and Cr*® (50% of sample). While no sampling or recovery problems
could be determined, one may have existed that caused the chromium
results from the recirculation train 1o be biased high.

Only 4.3% of the total-Cr was measured as the potentially more toxic Cr*®

Assuming that the FFDC collects all chromium species equally, it is

estimated that the total Cr*® emission at the stack is only 0.02 ug/Nm’.

October 5, 1995
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Solids Stream Monitoring

Coal Analvsis

Table 18 lists the analysis of the coal for trace metals and acid forming
anions. In addition to the standard analytical method described in the
EMP (ICP-AES), instrumental neutron activation analysis (INAA) was used
to detect arsenic, barium, mercury, selenium, and chlorine to achieve better
accuracy. The resolution of the standard method was too low to detect
arsenic, mercury, selenium, and chlorine, but not barium. INAA and the
standard method (ICP-AES), however, produced grossly disparate results
for barium. After careful examination, the ICP-AES results for barium
were judged inconsistent with the coal matrix and the INNA results were

used.,

An elemental analysis was performed for chlorine (as Cl7), fluorine (as
F17), phosphorous (as PO,*"), and sulfur (as SO,*"). Low uncertainties
for these values indicate good agreement between the replicates. The
results measured for Cl™, however, were higher than expected and not
consistent with the gaseous data. INAA was also used to measure CI™ and
it reported much lower values for it. The INAA data are believed to be

more representative of the coal.

October 5, 1995 18
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Flv Ash

Table 19 lists the analysis of the fly ash for trace metals and anions.
Except for cadmium and chloride, all trace metal and anion species were
reported above their detection limits and, except for arsenic and mercury,
with relatively good precision (uncertainty below 100%). A single low
value for arsenic increased the uncertainty for arsenic and biased its
average low. The results for mercury are very near its detection limit, so

the higher uncertainty reflects a lack of confidence in these values.

As discussed in Section IV.B, ion-chromatography fails to measure the
entire amount of oxidized phosphorous compared with the elemental
phosphorous measured by ICP-AES, so phosphate results are not included
in Table 19. Also, a laboratory problem occurred with the measurement of
chloride in the fly ash. A laboratory interference caused the detection limit
to increase from the expected limit of 5 to 50 mg/kg. All chloride fly ash
values were below this limit. As chloride emissions are gaseous, only low

levels, if any, of chloride would be expected in the fly ash,

Bottom Ash

Bottom ash is sluiced from the boiler to an on-site pond. The sluice water
was sampled before it contacted the bottom ash and analyzed for trace
metals. The mixture of the sluice water and bottom ash was sampled,
analyzed, and corrected for any toxics found in the sluice water alone.

Table 19 also lists these results.

October 5, 1995 | 40
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Cadmium, mercury, molvbdenum. selenium, and fluoride were reported
below their detection limits. Of the species reported above their detection
limits, only lead, chloride, and sulfate exhibited relatively poor precision.
The lead and chloride uncertainties can be attributed to the low levels
reported for one replicate. Since the sulfate levels in the bottom ash are
less than 0.1% of the total input of sulfur, the uncertainty for sulfate is

insignificant.

F. Mass Balance Results

Mass balances are an important quality check on toxics-emission data. The
use of different sample and analytical techniques to measure toxics in both
gaseous and solid forms is, at best, difficult. Mass balances provide a quick
means for determining how well various analytical methods agree. The low
absolute quantities of the measured materials, however, make a 1009% mass

balance very unlikely.

There are three major sources of potential error in the mass balance:
operating conditions, analytical difficulties, and sample collection and
handling. Since Arapahoe 4 operated at or near steady-state conditions
and the daily tests show that the same coal was fired throughout the tests,
operating.conditions are not likely to contribute any significant sources of
error. Analytical difficulties usually only affect the results for individual
replicates or species, so they are considered with each species. Normally,
analytical difficulties outweigh sampling problems. On a utility coal-fired
unit, however, obtaining representative samples from process streams
flowing at thousands of pounds per hour adds a major source of potential
error. It should also be noted that uncertainties only represent consistency,

not accuracy.
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Table 20 shows the mass balance results for the SNCR testing. Only
compounds dependent on the fuel inputs can be balanced. The
boiler/FFDC mass balance uses the coal as its input; it uses the bottom
ash, fly ash, and FFDC outlet as its outlets; and represents the overall mass
balance. The boiler mass balance uses the coal for its input; it uses the
FFDC inlet and the bottomn ash as its outlets; and it represents an

intermediute mass balance.

A comparison of the intermediate and overall mass balances in Table 20
shows that, in general, the intermediate balances are significantly lower
than the overall balances. On average, the aggregate of the intermediate
balance is 44% lower than the aggregate of the overall balance. A low
bias for the bottom ash is the most likely reason for the low bias of the
intermediate balance. Since obtaining a bottom ash sample from a utility
coal-fired unit is very difficult, only a small grab sample from one part of
the boiler is obtained. This sampling technique does not meet any of the
general requirements for obtaining a representative sample and introduces
an unknown bias. The bottom ash data, however, affect the overall mass
balance least, so the overall mass balance is considered more accurate than

the intermediate mass balance.

The mass balances for the majority of the trace metals and anions range
~ from 68 to 119%. The mass balances for barium, beryllium, molybdenum,

and selenium, however, were significantly [ower; they ranged from 26 to
57%.
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hputs Outputs Mass Balance

Species Fuet FFDC Inlet | Bottom Ash Py Ash FFOC Boiler/ | Boiler'

Outiet Froc ! I

Trace Metals Ib/10%2 Bty % E

Arsenic? 56 128 15 51 0.15 119 50 |
Barium? 29,700 192 2,210 5,550 1.1 26 8
Beryllium 48 7.5 3.2 15 <0.02 39 22
Cadrium <5.3 20 <1.0 <6 <007 | N/A N/A
Chremium 125 50.8 19 ar 0.30 as 56
Cobalt 114 26.3 12 75 <0.23 77 34
Copper 324 206 32 23 1.3 81 73
Lead 195 45.6 22 180 0.44 103 35
Manganese 458 58.3 103 388 0.8% 107 42
Mercury 1.7 1.9 <0.2 1.2 0.41 108 124
Molybdenum 44 1.7 <2.0 23 0.27 57 3
Nickel 88 29.4 12 77 0.45 102 47
Selenium 127 1.9 <43 23 <0.06 52 44
Phosphorus 27,700 9,300 4,000 25,500 4.6 107 48
Vanadium 378 120 48 st 0.29 105 44
Average Metals 83 47
Calcium 187,000 8a0 34,900 185,000 28.6 117 19
Sodium 39.000 2,700 6.300 29,300 3657 91 23

Acid-Forming Anions 1b/10"2 B %
Chioride as CI~ 1,400 1,650 122 <300 718 81 80
Fiuoride as F 7.400 5,780 <61 198 4,810 68 78
Phosphate” N/A N/A N/A N/A N/A | N/A N/A
Sulfate 1,150,000 $88,000 1.520 9,130 759,000 103 86
Note: * <" indicates that the quantity measured was less than the detection limit thus the detection limit is shown

1.
2.

Table 20:

Boiler/FFDC mass balance calculated using (inlet + bottom ash)/fuel.

Fue! concentrations {rom INAA,

SNCR Mass Balance Results
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Barium

As the results from ICP analysis appeared to be severely biased low (as
previously described), INAA was used to determine the level of barium in
the coal. ICP analysis was used for the flue gas and ash samples. The use
of different analytical techniques may have introduced an unidentified bias
and caused the poor mass balance closure, The mass balance calculated by
using the original ICP data also had closure problems, but it showed a very
low barium content for the fuel. Due to these and other possible unknown

biases, the confidence in the barium data is low.

Bervllium

The fuel results for bervllium appear to biased high. A triplicate sample
from previous fuel testing showed a beryllium content of 20 Ib/MMB1tu
compared with 48 1b/MMBtu for the current testing. Using the

20 Ib/MMButu value to calculate the mass balance results in a 91% mass
balance. In addition, a comparison of the results for beryllium from this
test period with the USGS data indicates that this test period’s value is
biased high.

Molybdenum

The results for molybdenum were very low, less than five times its

_ detection limit. The fuel results from this test period appear to show a
high bias while the fuel data from the previous test period appeared to
show a low bias for molybdenum. The molybdenum value from this test
period is within the range of the USGS data. Considering the low levels

detected, a mass balance of 57% for molybdenum is reasonable.
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Selenium

The mass balance for selenium was [ow, indicating etther a high fuel bias
or a low outlet bias. As with beryllium, INAA was used to analvze the coal
samples while ICP was used to analyze the FFDC-outlet samples; the use
of two techniques may have introduced an unknown bias. Also, it should

be noted that selenium is a very difficult element to measure.

Comparison of Baseline and SNCR Test Results

Table 21 compares the fuel-input, FFDC-inlet, and FFDC-outlet results for
the baseline and SNCR testing. Within the variability and accuracy of the
sampling and analytical procedures, the injection of urea into the boiler did
not change the emission levels of most trace metals and anions, except for
ammonia. The results for benzene and toluene measured at the FFDC
inlet during the SNCR test period are an order of magnitude higher than
the last test period. Because of the difficulty of sampling in a duct with a
high particulate loading, both sets of these values are believed to be biased
low. The high particulate loading appears to have had a greater effect on

the results from the last test period.
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f Species Fuel lnput FFDC Iniet : FFDG Outiet !
.[ Baseline SNCR ‘ Baseline SNCR l Baseline ‘ SNCR
‘ 15/10™ 3ty i /107 By b 16/10%2 By |
| Arsenic 43 56 23.1 128 | 075 | 015 |
| Barium 37,600 2700 234 152 ! 19 11
| Berylliam 200 g ! 9.0 | 75 | <0.02 <062 |
Cadmium <45 | <53 | 23 | 20 | 012 | <007 1
| Chromium o7.4 | 125 500 | 50.8 0.66 | 0.30
Cobalt 836 | 114 299 263 <0.21 <0.23
Copper 241 i 324 169 206 1.1 1.3
Lead 185 ' 195 64 $l 456 0.44 0.40
Manganese 37s 1‘ 458 | 195 : 88.3 1.0 0.89 E
Mercury 19 | 17 | 13 | 19 <0.29 i 0.41 |
Molybdenum 90 | as ! 107 w7 0.17 | 0.27 E
Nickel 535 | sa | 302 | 29.4 15 | 0.45
Selenium 732 | 127 224 1.8 036 | <0.06
| Phosphorous 36,700 ' 27,700 14300 | 9.300 6.7 l 46
Vanadium 266 I arg 135 ! 120 l! 0.24 | 0.28
Chioride 2000 | 1,400 735 | 1010 626 | 718
Fluoride 7600 | 7,400 4800 | 5800 4,300 4,800
Phosphate 113,000 85000 1,282 ; 319 & <1213 \ <450 1
Sulfate 1.18 (10% 1.15 (109 b 106 10%) 9.88 (10%) L o3 (109 by (10%) !
Cyanide N/A N/A i <8 iz | <7 <9 ‘
Ammenia N/A Na b <100 2000 NA | 7000 |
Benzens N/A | N/A l: 19 | 105 | 26 | 6.7 :
Toluene NA NA 70 | 69.9 ! 105 | 129 %
Table 21: Summary of Emissions from Baseline and SNCR Testing

October 5, 1995
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IV. Summary of Air Toxics Monitoring Results

Table 3 lists the 21 potential air toxics
measured at Arapahoe Unit 4 during
the sodium-based DSI test perioc.
Sampling of the air toxics occurred on
October 14 and 15, 1993. No
sampling occurred during sootblowing

operations.

This report presents the air toxics data
for the sodium-based DSI system.

Three other series of air toxics

Arsenic Lead
Cadmium Molybdenum
Copper Phasphorous
Mercury Beryllium
Trace Selenium Cobalt

Metals Calcium Manganese
Barium Nickel
Chromium Vanadium
Calcium Sodium

Anions ! Chloride Sulfate
Fluoride

1. Elemenial precursors of these anions measured in the fuel

(CL,F, 8).

Table 3:

Target Compounds
Based DSI System

for Sodivm-

measurements were completed as part of the project. Baseline air toxics were

measured from November 17, 1992 through November 19, 1992. Results from

this testing are contained in the Environmental Monitoring Report for the Low

NO, Combustion System Retrofit Test Period, report dated February 1994. Air

toxics were also measured during the Selective Non-Catalytic Test period from

March 8, 1993 through March 11, 1993. Results from this testing are contained in

the Environmental Monitoring Report dated November 1994. Air toxics were

also measured during the calcium injection testing period on October 19,20, 1993.

Results from this testing is contained in the Environmental Monitoring Report

dated April 1997. Table 4 compares the target air toxics measured during each of

the four test series.
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l Test Period

Target Compounds Low-NOx SNCR Caleium-Based DSl | Sodmum-
Combustion | pogfine 3 | SNCR | Bascline | Calcium DSI
Trace Metals X X X X
Ac1d~Fpr1mng x X X X
Anions
Volatile Benzene/toluene X X
Organic
Compounds Formaldehyde X
Semi-Volatile | PAH
Organic
Compounds PCDD/PCDF ! x? X
Solid
Particulate X X X X
Radio
Nuclides X
Total/hexavalent X
Trace Metals | chromium
Speciation
Mercury X
Nitrogen
Compounds X X
HHYV,
Ultimate/
Proximate X X X x X X
Analysis
Loss-On- X X X X
Ignition

1. Polychlorinated dibenzo-p-dioxins (PCDD) and polychiorinated dibenzofurans (PCDF).

2. Due to anomalous contamination of native 2,3,7.8, PCDD/PCDF isomers in the method blanks, samples, archived resin, the
results of these tests are invalid and were repeated during the calcium-based DSI test period.

3, Some bascline tests were repeated in the SNCR test period.

Table 4: Target Compounds-Test Period Comparison

PSCC contracted with Carnot, Inc. of Tustin, California to complete the air toxics
work at Arapahoe Unit 4. Fossil Energy Research Corp. of Laguna Hills,
California provided some assistance at the site and with data collection. Table 5

lists the laboratories used to analyze the collected samples.

September 11, 1997 ' 10



] Analysis Laboratory Location
Solid particulate Camot, Inc Tustin, CA
Chloride and sulfate (as Czmot, Inc Tustin, CA
necessary for confirmation)
Acid-forming anions Curtis and Tompkins Berkeley, CA

Trace metals

Cunis and Tompkins

Berkeley, CA

Semi-volatile organic
compounds

Zenon Environmental
Laboratories

Burlington, Ontario,
Canada

LOI for ash

Commercial Testing and
Engineering

Denver, CO

Trace meials and anions
analysis of fuel and ash

Cuniis and Tompkins

Berkeley, CA

Coal preparation and ultimate
analysis, including anions

Commercial Testing and
Engineering

Denver, CO

Neutron activation analysis

Massachusetts  Institute of
Technology

Cambridge, MA

Coal preparation

A.J. Edmonds

Long Beach, CA

Ash preparation and anion Commercial Testing and Denver, CO
analysis Engineering
i Ash preparation Carnot Tustin, CA

Table 5:

Laboratories for Air Toxics Analyses

The Environmental Monitoring Plan (EMP) Addendum for Air Toxics Monitoring,
dated July 1993 includes details on the method used to determine the tot.! mass
flow of the air toxics. In addition to the measured concentration of the air toxics
in the sample, mass flows of the solid and gas are required. Table 6 lists the mass
flow rates for the flue gas and the solids used to determine the mass flow of the
toxics. The actual flue gas flow rate is used for each of the trace metal,

particulate matter, and anion tests. The existing plant cquipment was used to
measure the coal flow. The measured particulate loading and flue gas flow rate
was used to calculate the flow rate of the fly ash and the stack ash. The coal

input and the fly ash flow rates were used to calculate the bottorn ash flow rate.

Table 7 lists the average operating conditions of Arapahoe Unit 4 during this test

period.

September 11, 1997 ) 11



Figure 1 shows a simplified diagram of the unit and shows the five different
sample locations, Gaseous samples were obtained at the inlet and the outlet of
the FFDC. Solid samples of unpulverized coal, bottom ash, and fly ash were also

obtained.

Table 8 shows the test methods used that differed from those planned in the
EMP,.

September 11, 1997 ' 13
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Species EMP Specified Mcthod Mcthod Used

Arsenic EPA SW R46-7060 (GFAA) EPA SW §46-6010 (ICP)

F;i? Cadmium EPA SW B46-7131 (ICP) EPA SW 5406-6010 (ICP)
Chromium EPA SW £46-7191 (GFAA) EPA SW B36-6010 (ICP)
Arsenic EPA SW 846-7060 {GFAA) EPA SW 846-6010 (ICP)

];Tl?c(i Cadmium EPA SW 846-713) (ICP) EPA SW 846-6010 (ICP)
Chromium EPA SW 846-7191 (GFAA) EPA 5W 840-6610 (ICP)
Arsenic EPA SW 846-7060 (GFAA) INAA
Barium EPA SW 846-6010 (ICP) EPA SW 846-6010 (ICP with EPA3050 digestion)
Chlorine ASTM D-4208 & ISP INAA
Sulfate EPA SW 846-300-1C ASTM D423% & LECO S5C-132
Cadmium EPA SW 846-7131 (ICP) INAA
Mercury EPA SW 846-7470 (CVAA) INAA

Fuel Selenium EPA SW 846-7740 (GFAA) INAA

Chromium EPA SW 846-7191 (GFAA) EPA SWEB46-6010 (ICP-AES)
Lead EPA S5W B46-742]1 (GFAA) EPA SWE46-7420 (GFAA)
Calcium EPA SW 846-6010 (ICP) EPA SW 846-6010 (ICP with EPA3050 digestion)
Sodium EPA SW 845-6010 (ICP) EPA SW 846-6010 [ICP with EPA3DSD digestion)
Manganese EPA SW B46-6010 (ICP) INAA
Vanadium EPA SW B46-6010 (ICP} INAA
Barium EPA SW 846-A010 {ICP) EPA SW 846-7060 ICP-AES
Beryllium EPA SW B45-6010 (ICP) EPA SW B46-7060 ICP-AES
Cadmium EPA SW B46-6010 (ICP) EPA SW B46-7060 ICP-AES
Chromium EPA SW 846-6010 (ICP) EPA SW 846-7060 ICP-AES
Cobalt EPA SW B46-6010 (ICP) EPA SW 846-7060 ICP-AES
Copper EPA SW B46-6010 (ICP) EPA SW B46-7060 ICP-AES

Flyas/ Manganase EPA SW B846-6010 (ICP) EPA SW 846-7060 ICP-AES
Mercury EPA SW B46-7470 CVYAA EPA SW 846-7471 1CP-AES

Bo:snhm Molybdenum EPA SW B456-6010 (ICP) EPA SW 846-7060 ICP-AES
Nickel EPA SW 846-6010 {ICP) EPA SW 846-7060 ICP-AES
Phesphorus EPA SW B46-6010 (ICP) EPA SW 846-7060 ICP-AES
Vanadium EPA SW 846-6010 (ICP) EPA SW 846-7060
Calcium EPA SW 846-6010 (ICP) EPA SW 846-7060 (ICP with EPA3050 digestion)
Sodium EPA SW B846-6010 (ICP) EPA SW 846-7471 (ICP with EPA3050 digestion)
Fluoride EPA 300.0{IC}) EPA 340.2 (ISE)
Sulfate EPA 300.0(1C) ASTM D4239 & LECO SC-132

Table 8: Test Methods Different from EMP
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A. Uncertainty Analysis

In the tables that follow, a value for uncertainty expressed as a percentage is

provided for all data. The calculation method used is based upon ANSI/ASME

PTC 19.1-1985, "Measurement of Uncertainty.” The uncertainty is based on a

95% confidence interval for the mass emissions for the target species but is

expressed as a percentage so that it may be applied to other units. A very

important part of the method is assigning an estimated bias error for the major

variables. The value presented represents only an approximation of the

uncertainty as not all bias errors may be estimated. The uncertainty is also not a

measure of long-term trace species emissions for this boiler, but only the

uncertainty for the specific test period. It was assumed that the samples are a

normal population distribution.

No bias values were assumed for analytical

results unless the result is less than the detection limit. If so, then one-half of the

detection limit was used as an estimated bias.

used to determine uncertainties for other measured variables.

Table 9 summarizes the bias values

Location Particle Flowrate 2 Fuel Fly Ash Bottom Ash
Collection * Flowrate ? Flowrate Flow Rate*
Iniet 15% 0% 0% 15% 15%
Qutlet 0% 0% N/A N/A N/A
1. Bias equals difference between particulate pitot flue gas flow measurement and heat rate flowrates,
2. No Bias estimate as measured inlet, measured outlet, and calculated flow agreed within 5%.
3. No Bias estimate as calculated flue gas flow based on coal feed agreed with measured outlet flow.
4. ' Bias equal to the inler particulate collection bias.
Table 9:  Summary of Bias Values Used for Uncertainty Calculations

B. Treatment of Non-Detectable Measurements

Many of the target species for which a measurement was attempted were not
found using the specified sampling and analytical techniques. If a measurement
was not possible, the value that could have been measured, i.e.the detection limit,

if the trace emissions were present are reported. The "non-detects" are shown as
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less than the detection limit. The difficulty occurs when averaging various
samples of which some or all of the measurements are below the detection limit.

The following summarizes the two cases:

1. All values below detection limit: The arithmetic average of the detection limit
is shown with a " < "sign to indicate that the trace species is less than the
reported average detection limit. For example, if a species was not found and

the method provided a detection limit of 0.45,the value is reported as <0.45.

2. Some, but not all, values below detection limit: The value of all
measurements above the detection limit are averaged with one-half of the
detection limit. For example, if three measurements of 10, &, and <6are
found, the average would be (10+8+6/2)/3 or 7. Note that no " < “sign is used
in these reported averages even though some of the values are below the
detection limit. If the average calculated with this method is iess than the
greatest detection limit; the largest detection .limit is reported and a "<*
symbol is used. For example, if values of 6, <4,and <2 were reported, the
average would be reported as <4and not (6+4/2+2/2)/3 or 3.

C. Treatment of Blank Values

Three different types of blanks were used as part of the air toxics testing quality
assurance (QA) program. The QA program included field blanks, reagent blanks,
and laboratory preparation blanks.

Field blanks are samples obtained by assembling a complete sample train at the
test site using the same procedures as when obtaining the actual sample. The
sample train is then leak checked and disassembled to recover and analyze the
sample. Field blanks are not used to "correct” the data generally but they are used

to provide an indication of the quality of the sample.
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Reagent blanks consist of samples of the reagent and/or filters that are collected
at the site. Analysis of these samples show if any of the results were caused by
existing levels of the trace species in the material used to collect or recover the
sample. If measurable values of the trace species are found, the data is usually

corrected by subtracting the value measured in the reagent.

Laboratory reagent blanks consist of samples of the chemicals used during the
measurement analysis. If measurable values of the trace species are found, the
data is usually corrected by subtracting the value measured in the reagent. Any
measurable values in the laboratory reagent may be caused by initial trace species

in the chemicals or in the analytical procedures.

In the tables that follow the value of the field blank is shown for reference, but
none of the data has been changed due to these measurements. If a measurement
has a value near the field blank measurement, there may be some question as to
the accuracy of the data and the reported value may NOT be source related. A
separaie column lists a blank correction percentage for all trace species that were
corrected due to either a reagent or laboratory reagent blank. This is an average

percentage calculated as follows:

E blank value
sample value } 100
number of samples

%blank correct =

For example, if three samples contained 10, 5, and 4 mg/kg of a trace species and

the reagent blank was 2 mg/kg, the blank correction would be:

blank correction = _2__ + 3 + 2 * _1@_ =37%
10 5 3

4

Thus on average, the actual value measured was 37% higher than the value

reported in the table. If the blank correction is reported as 0%, no blank
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correction was calculated and the reported value was the measured value. Note
that in most cases a high blank correction value doss not mean that the data is
inaccurate. If a sample was contaminated with a trace species due to a filter, and
the filter was analyzed and the data correctad, it is likely that the data is

meaningful.

. Gaseous Species Monitoring

This section reports the trace metal, acid-forming anion, and FFDC removal

efficiency from the air toxics testing of the sodium-based DSI system.

Trace Metal and Anion Emissions

Table 10 lists the gaseous trace metal emissions and Table 11 lists the gaseous
anion emissions for this test period. Although calcium and sodium are neither

trace metals nor air toxics, Table 10 also lists them.

Previous air toxics test series have reported a wide unexplained variation of
barium, calcium, and sodium in various solid streams between different test
methods. Curtis and Tompkins, the laboratory completing the analysis,
investigated and discovered a problem with the ASTM D3683 ashing/acid
digestion method of sample preparation. Coal samples were prepared according
to ASTM D3683 and also EPA method 3050. The EPA method does not require
ashing or digestion using HF acid. A comparison of the data with the two
different digestion methods compared to INAA is shown in Table 12 and suggests
that ASTM-D3683 may have a significant low bias.

EPA method 29, multi-metals method, also uses HF acid for digestion of solid
matter collected in the sample train. Due to the potential negative bias that may
be caused with HF acid, all data collected for barium, calcium, and sodium from

the solid samples using Method 29 are believed invalid and are presented for
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D3683 E3050 INAA
mg/Kg mg/Kg mg/Kg
Barium 5,976 24,390 33,122
6,670 17,447 28,925
Calcium 122,740 213,404 NP
78,917 204,879 NP
Sodium 14,843 64,322 105,096
31,849 27,423 46,099

Table 12: Comparison of Alternate Digestion Methods with INAA

information only. Table 13 compares the inlet fuel levels to the values measured
at the FFDC inlet determined from the Method 29 test using HF digestion. Note
the very large discrepancy in the inlet values. It is believed that the fuel values
are more accurate and that the FFDC inlet values for the three elements
presented are invalid. They are shown in this table only to note the large
variation that was believed due to the HF digestion technique. Note that the
inlet values are based on a large amount of particulate matter that is present at
the FFDC inlet. Due to the very low particulate at the FFDC outlet, the possible
interference with HF digestion is not believed to significantly affect the outlet
data. While fly ash and coal samples could be reanalyzed after the discovery of

the possible interference, it was not possible to re-analyze the Method 29 train.
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Fuel FFDC Inlet Percent
1b/10 “ Bty 1b/10 © Btu Difference
barium 24,400 189 12,810%
calcium 213,000 192 110,838%
sodium 64,300 1,751 3,572%

Table 13: Comparison of fuel vs FFDC Inlet Measurements

In addition to the high uncertainty for barium, calcium, and sodium discussed
above, high uncertainty of greater than 100% occurred for beryllium, chromium,
cobalt, manganese, molybdenum, nickel, and vanadium. All these high
uncertzinties were caused by very high readings for Test 1. A review of the data
logs and sample methods did not reveal any sampling errors that could explain the
differences. The measured inlet values for chromium, cobalt, molybdenum and
nickel, when combined with the bottom ash analystis, resulted in values that were
larger than the fuel input rates indicating that a problem with sampling may have
occurred. One possible explanation for the high readings in a single run is that
during sample recovery some of the acid reagent used for clean-up contacted the
| stainless steel fittings of the sample train and contaminated the samples. It is also
possible that rust or other material not associatcd with the combustion product

was collected in the sample train and contaminated the sample.

At the FFDC outlet, only air toxics arsenic, lead, mercury, and phosphorous had

uncertainty values above 100%. Possible sources of these high uncertainties are:

® Arsenic. It has been difficult to obtain good agreement among the results
generated by ICP-hydride analysis.
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The removal efficiency of sodium injection and the FFDC for chloride was

only 6%. Outlet levels for chloride accounted for 34% of the chloride input of
the coal. This 1s significantly lower removal than the other three air toxics tests
which were over 50% especially since sodium injection is believed to efficiently
caprure gaseous chloride. An investigation of the sample procedure could find no
reasons for the lower than expected removal, but the outlet chloride levels are
lower than in the first two test programs. This suggests a possible measurement
problem with the inlet chloride levels. The removal efficiency of sodium injection
and the FFDC for fluoride was 85%. The flue gas fevels of fluoride decreased
from 12 ppm at the FFDC inlet to 1.7 ppm at the FFDC outlet. Outlet fluoride
levels accounted for only 12% of the fuel input. These removals compare well
with other testing that obtained approximately 90% fluoride removal. This
indicates that sodium injection did not improve fluoride emission reduction across
the FFDC. The removal efficiency of sodium injection and the FFDC for sulfate
was 68%. Outlet sulfate levels accounted for only 32% of the sulfur input of the

coal.
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| FFDC Remova!l

| Species l Inlet | Outlet !
. Trace Metals ] 15/10 ¥ B | 1b/10 ¥ B | % i
| Arsenic 30 0.47 984 |
Barjum 189 2.53 NV
Beryllium 9.0 <0.02 >99.7
Cadmium 3.6 <0.05 >98.4
Chromium 135 0.15 99.9
Cobalt 43 <0.23 >99.5
Copper 245 0.59 99.8
Lead 80 0.36 99.6
Manganese 113 0.29 99.7
Mercury 1.2 0.41 67.5
Molybdenum 32 0.23 99.3
Nickel 62 0.23 99.6
Selenium < 66 0.36 99.5
Phosphorus 11,600 1.5 99.99
Vanadium 178 0.13 09.9
Calcium ** 192 33 NV
Sodium " 1,750 112 NV
Average -- -- >87.2
Total Particulates 5.92 Ib/MMBu 0.0019 1b/MMB1u 99.97%
Acid-Forming Anions 16/10 ? Btu 16/10 © Btu %
Chloride (Ch) Solid 39 19 50.0
Gas 825 791 4.1
Total 864 811 6.1
Fluoride (F) Solid 418 27 93.7
Gas 7,250 - 1,110 84.6
Total 7,670 1,140 85.1
Sulfate Solid 8,910 89 99.0
— Gas 1.13(10% 3.69(10)° 67.5
Total 1.14(10% 3.69(10)° 67.7

+ <" indicates thal the quantity measured was less than the detection limit thus the detection limit is shown.

1. Included even though neither are trace metals nor air toxics.

2. Values for these FFDC inlet metals are reponed but believed invalid due to possible imerferences (see 1ext).

Table 14: FFDC Removal Efficiency

September 11, 1997

26




E. Solids Stream Monitoring

Sorbent Analvsis

Table 15 lists the analysis results for the

sodium-based sorbent.

Coal Analvsis

During the previous air toxics test series it

was believe that non-representative

sampling may have contributed to some of

the variation that was seen. For the

current program, an independent sample

consultant was used to assist in reviewing

and modifying the coal sampling

procedure. Rather than obtain coal

samples from the coal hopper, the feeders

were stopped for a short time and coal
samples were retrieved directly from the

feeder.

As discussed in the gaseous trace metal

Element Sodiurn-Based
Sorbent (mp/kp)
| ATsenic <1l
J Barium 16
Beryllium <(0.42
Cadmium <li.d
Chromium <21
Cobalt <42
Copper 1.1
Lead 7.9
Manganese ! 9.6
Mertcury <{.1
Muolybdenum <4.2
Nickel <4.2
Selenium <11
Phosphorous 91
| Vanadium 27
| Chloride ! 1.075
Fluoride 13
Sulfate <130

¢ No blank corrections used.

1. Chloride result average of EPA 300.0and EPA 325.2

analysis results.

Table 15: Air Toxics Analysis of Sodium-
Based Sorbent

sections, coal samples were analyzed using different methods for many of the

trace metal data points. On average, there were three sets of data with some

having as many as six sets. For example, one point had results from:

e Curtis & Tompkins analysis using conventional digestion.

¢ Curtis & Tompkins analysis using EPA 3050 digestion.
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Standard Laboratory’s analysis.

Curniis & Tompkins triplicate analysis using conventional digestion.

Curtis & Tompkins triplicate analysis using EPA 3050 digestion.

INAA.

Except for a few cases, the results from these different sources did not agree.
Ideally, if the data for one element from one set was consistent with expected
levels and other process streams, then the data for elements within the same data
set processed by the same lab and method would also be consistent.
Unfortunately, a common bias for a data set could not be found other than
methods that depend upen HF acid digestion concerns. Therefore, the use of a
particular data set depended on its agreement with levels determined in other

input and output streams from the same test program.

Table 16 lists the analysis of the coal for trace metals and acid-forming anions for
the INAA and base method analysis. Although neither calcium nor sodium are
trace metals or air toxics, Table 16 also includes them. All trace metals were
detected in each replicate. Of the 15 trace metals, phosphorous and barium were
the predominant metals and were consistent within expected levels. All elements

had uncertainties under 100% except for cadmium.
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Flv Ash

Table 17 lists the analysis of the bottom and fly ash for trace metals and anions.
Although sodium and calcium are neither trace metals nor air toxics, Table 17
also lists them. Except for cadmium, all trace metals were measured above their
detection limits. Of the 15 trace metals, phosphorous and barium were the
predominant elements. However, the barium levels were not consistent with the
input levels and indicate a low bias for the barium levels in the fly ash. The trace
metal levels for the replicates exhibit good agreement, thus uncertainties are

telatively good at significantly less than 100%.

With the increase in the FFDC’s removal efficiency for anions, the fly ash levels
of chloride, fluoride, and sulfate are higher than those from the low-NO,
combustion and SNCR test periods. The fluoride result for Test 1 was
significantly lower than the two replicate tests. A review of the sample and
analysis methods did not find any reason for the large variation but this sample

point was not included in the average.
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Bottom Ash

As with the coal and fly ash analyses, phosphorous and barium were the
predominant elements in the bottomn ash. The average results for cadmium,

mercury, molybdenum, and selenium are reported below their detection limits.

Uncertainty levels below 100% indicate good agreement between the replicates.
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F.

Nass Balance Results

Mass balances are an important quality check on toxics emussions data. Using
different sample and analytical techniques to measure toxics in both gaseous and
solid forms, at best, is difficult. Mass balances provide a quick means for
determining how well various analytical methods agree. The low absolute
quantities of the measured materials, however, makes the occurrence of a 100%

mass balance very unlikely.

There are three major sources of potential error in the mass balance: operating
conditions, analytical difficulties, and sample collection and handling. Since
Arapahos Unit 4 operated at or near steady-state conditions and the daily tests
show that the same coal was fired throughout the tests, operating conditions are
not likely to contribute any significant sources of error. Analytical difficulties
usually only affect the results for individual replicates or species, so they are
considered with each species. Normally, analytical difficulties outweigh sampling
problems, but in this program the difficulty of obtaining representative samples
from process streams flowing at thousands of pounds per hour adds unusual
sources of potential error. It should also be noted that uncertainties only

represent consistency. not accuracy.

Table 18 shows the mass balance results for the sodium-based DSI test period.
Only compounds dependent on the fuel inputs can be balanced. Since semi-
volatile organic compounds depend on combustion parameters, they cannot be

balanced. The boiler/FFDC mass balance uses the coal as its input and the

bottom ash, fly ash, and FFDC outlet as its outlets, The boiler mass balance uses

the coal for its input and the FFDC inlet and the bottom ash as its outlets.
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| Inputs Intermediate Cutputs ! Mass Balance

} Spocies Fucl Ds1? FFDC Inlet | Bottom Ash | FlyAsh | FFDC | Boiled [ Boiler !

! (Sodium) Outlet FFDC

i Trace Metals /10  Bro /10 ¥ Br 1610 ¥ B %
Arsenic 62 <30 30 4.5 45 0.47 80 57
Barium 24 400 43 NV 2,310 5.590 2.5 32 -
Be-vilium 34 <ii 9.0 16 30 <0.023 131 73
Cadmium 3 5 <3.0 36 <45 <93 | <0.058 - 104
Chromium * m <5.6 135 113 216 0.15 119 91
Cobalt 122 <11 43 59 125 <0.23 138 83
Copper 568 3.0 245 164 339 0.59 88 72
Lead 358 21 80 57 151 0.36 55 38
Manganzse * 2,340 26 113 1,120 1.210 0.29 99 53
Mercury > 46 <0.27 1.2 <0.076 1.2 0.41 37 29
Molybdenum 45 <1 32 <18 44 0.23 110 [10
Nickel 175 <1l 62 84 133 0.23 17 g3
Selenium * 47 <30 <66 <4.6 39 0.36 93 80
Phosphorus 43,500 245 11,600 16,300 30,700 1.5 96 57
Vanadium 3 779 7.3 178 217 458 0.13 57 52
Averzge Menls 92 70
Calcium 213,000 NP NV 64,000 166,000 | 33 108 -
Sodium * 64,300 784.000 NV 6.240 503,000 | 112 60 -

Acid-Forming 1510 " Bru 1510 ** Bru 110 2 Bru %
Anionsg

Chleride (C1 y° 1,370 2,890 864 689 1,910 811 80 113
Fluoride (F) 9,140 35 7.670 13 8.900 1,140 110 84
Sulfate 1.17(10°% <350 1.14010% | 4560 498,000 | 369,000 75 98
Average Anions 88 %

¢ "< - indicates that the quantity mcasured was less than the detection limit thus the detection limit is shown.

¢ "NP" indicates not performed, "NV* indicates not valid.

1. Boilet/FFDC mass balance calculated using: (outlet + fly ash + bottom ash)/(fuel + sorbent). Boiler mass balanze calculated using
{iniet + bontom ash)Aucl.

2. Sodium sorbent flow rate as: (weight% of Na) * (Na flow rate) * (106).

3. Fuel zoncentrations from INAA.

Table 18:

Mass Balance Results
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For the overall boiler/FFDC mass balance. closure results for most species are in
the range of 70 to 130% which is believed reasonable considering the many
variables in determining these values. The closure for barium, cobalt, lead,

mercury, and sodium were outside the expscted range.

The fuel input for barium is consistent with expected values based on coal mine
analysis but the closure was only 32%. It is most likely that the fly ash and
bottom ash values are biased low. Appropriate digestion procedures for the
barium sample were investigated and sufficient problems were discovered to
invalidate the FFDC inlet values. More investigation is required to determine the

appropriate barium digestion techniques.

Cobalt closure was also slightly poorer than expected with a value of 138%,
meaning that more output cobalt was found than was contained in the fuel. The
most likely reason was a low biased fuel measurement. Alternative analysis with
INAA provided an even lower fuel input. Note that the coal cobalt measurement
had a high uncertainty of 80% suggesting that fuel variation may be one source of

the poor closure.

Lead also had a very low closure with only 38% of the measured fuel levels found
in the output. Uncertainties for the lead measurements in all streams were not
excessive. It is possible that measurement technics may have problems with the

low lead levels found.

Mercury emissions are very low but the closure was not very good with the

outputs only accounting for 37% of the inlet mercury. Mercury is a very difficult
species to obtain valid measurements. The coal value obtained during the sodium
test program was substantially higher than that obtained in the remaining three air
toxics test periods. Uncertainties were high for all mercury measurements and

these may be responsible for the low closure.

* September 11, 1997 ' a5



A mass balance was also attempted with sodium although this is not an air 1oxic.
The boiler/FFDC closure was only 60%. As the inlet sodium values are
reasonably measurable and accurate, the fly ash levels are suspect. While most
air toxics are evenly distributed as they are associated with the coal, sodium is
injected separately in the duct and is not well distributed. Improvements were
made to the fly ash sampling technique during the current program, but the most
likely cause of the low fly ash sodium levels is obtaining a non-representative

sample.
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G. Summary of Test Results

Table 19 summarizes the fuel input, FFDC inlet, and FFDC outlet results for
each of the test periods. Coal from the Yampa mine in Colorado was fired at
Arapahoe Unit 4 for low-NO, combustion, SNCR, and sodium-based DSI test

periods. For the calcium-based DSI test period, coal from the Edna mine in

Colorado was fired at Arapahoe Unit 4. It is not clear whether the slightly higher

values for many trace metals in the coal tested during the sodium- and calcium-

based DSI test periods is due to more representative techniques or the coal.

The increase of the trace metal levels in the FFDC inlet are consistent with the
fuel input levels. However, if the FFDC inlet is considered as a point of

uncontrolled emissions, the emissions levels are consistently in the same range.

Both sodium and calcium injection before the FFDC significantly reduced the
FFDC outlet levels of phosphorous, chloride, fluoride, and sulfate. The lower
levels of arsenic, mercury, and selenium suggest that calcium injection removes
these elements more effectively than sodium injection. This is likely due to the
humidification and subsequent cooling of the flue gas and the volatility of these

metals.
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Table 20 compares the trace metal levels in the output sireams as a percentage of
the fuel input. A larger distribution of the trace metals in the bottom ash
improved the mass balances for the sodium- and calcium-based DSI test periods.
The bottom ash levels for the SNCR test period appear negatively biased by 13%
of fuel input. For the low-NO, combustion test period, the bottom ash levels
appear negatively biased by 20% of fuel input and the fly ash levels appear
negatively biased by 15% of fuel input. The use of the same collection methods
for all four test periods suggests that the closer adherence to ASTM preparation
methods during the sodium- and calcjum-based DSI test periods improved the
trace metal results. Also, the use of more representative sampling techniques for
fly ash during these test periods appears to have reduced the occurrence of poor

trace metal results seen during the low-NO, combustion test period.

Output Stream (% of Fuel Input? Total
Test Period -
Bottom Ash Fly Ash FFDC Outlet (% Closure)

Low-NO, 9 53 2 64
Combustion ?

SNCR 14 67 2 83

DSI (Sodium) 28 63 1 92

DSI (Calecium) 31 68 : 100

1. Fuel input for sedium- and calcium-based DSI test periods include the sorbent injection streams.
2. The fuel result for molybdenum appears 1o be severely biased low. The percentages for the low-NO, combustion test
period are based on an average of the molybdenum levels in the fuels from the SNCR and sodium-based DSI test periods,

Table 20: Distribution of Trace Metals Across Qutput Streams
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